Barriers Analysis for Reverse Logistics Implementation in Indian Electronics Industry using Fuzzy Analytic Hierarchy Process  by Prakash, Chandra et al.
 Procedia - Social and Behavioral Sciences  189 ( 2015 )  91 – 102 
Available online at www.sciencedirect.com
ScienceDirect
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of XVIII Annual International Conference of the Society of Operations 
Management (SOM-14).
doi: 10.1016/j.sbspro.2015.03.203 
;9,,,$QQXDO,QWHUQDWLRQDO&RQIHUHQFHRIWKH6RFLHW\RI2SHUDWLRQV0DQDJHPHQW620
%DUULHUV$QDO\VLVIRU5HYHUVH/RJLVWLFV,PSOHPHQWDWLRQLQ
,QGLDQ(OHFWURQLFV,QGXVWU\XVLQJ)X]]\$QDO\WLF+LHUDUFK\
3URFHVV

&KDQGUD3UDNDVKD0XNHVK.XPDU%DUXDD.DXVKLN93DQG\DE

aDepartment of Management Studies, Indian Institute of Technology Roorkee 247667, Uttarakhand, India 
bSheffield Business School, Sheffield, United Kingdom  
$EVWUDFW
5HYHUVHORJLVWLFVSUDFWLFHVDUHJDLQLQJDWWHQWLRQGXHWRHQYLURQPHQWDOFRQFHUQHQIRUFHGOHJLVODWLRQUDSLGFKDQJHLQWHFKQRORJ\
DQGFRUSRUDWHFLWL]HQVKLS5HYHUVHORJLVWLFVKDVEHHQVHHQDVDSDUWRIVXVWDLQDEOHGHYHORSPHQWGXHWRUHGXFWLRQLQSROOXWLRQE\
XVLQJSURGXFWDJDLQDIWHUHQGRI LWV OLIH7KHJRDORI WKLV UHVHDUFKSDSHU LV WR LGHQWLI\DQGUDQNWKHEDUULHUVRI5/DGRSWLRQVR
RUJDQL]DWLRQ FDQ FXOWLYDWH VWUDWHJLHV WR WDFNOH WKHP RQ SULRULW\ 7KLV SDSHU SURSRVHV DPHWKRGRORJ\ EDVHG RQ IX]]\ DQDO\WLF
KLHUDUFK\SURFHVV WRSULRULWL]HWKHEDUULHUVRI5/DGRSWLRQ$QXPHULFDODQDO\VLVRIHOHFWURQLF LQGXVWU\RI,QGLD LVSUHVHQWHG WR
GHPRQVWUDWHWKHXVHRIWKHSURSRVHGPHWKRG7KLVSURSRVHGPHWKRGFRQVLGHUHGIX]]\IUDPHZRUNWKDWFDQKDQGOHLPSUHFLVHQHVV
DQG XQFHUWDLQW\ HDVLO\ 7KLV VWXG\ LGHQWLILHG  EDUULHUV WKURXJK OLWHUDWXUH UHYLHZ DQG H[SHUW¶V RSLQLRQ 7KHVH EDUULHUV ZHUH
FDWHJRUL]HGLQWRILYHPDMRUFULWHULD7KHUHVXOWRIWKHVWXG\LQGLFDWHVWKDW/DFNRIFRRUGLQDWLRQFROODERUDWLRQZLWK3/SURYLGHUV
&XVWRPHU SHUFHSWLRQ DERXW5/ DQG/DFN RI V\VWHP WRPRQLWRU UHWXUQV DUH WKH WKUHHPRVW LPSRUWDQW EDUULHUV RI5/ DGRSWLRQ
(OHFWURQLFVFRPSDQLHVVKRXOGRYHUFRPHWKHVHEDUULHUVZLWKKLJKHUSULRULW\IRUHIIHFWLYH5/DGRSWLRQ)LQDOO\VHQVLWLYLW\DQDO\VLV
LVDOVRSHUIRUPHGWRFKHFNFKDQJHVLQWKHUDQNLQJRI5/DGRSWLRQEDUULHUVE\FKDQJHLQFULWHULDZHLJKWV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRI;9,,,$QQXDO,QWHUQDWLRQDO&RQIHUHQFHRIWKH6RFLHW\RI
2SHUDWLRQV0DQDJHPHQW620
Keywords:Reverse Logistics; AHP; Fuzzy; Electronics Industry; India.


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:FSJDUJ#JPDLOFRP
© 2015 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of XVIII Annual International Conference of the Society of 
Operations Management (SOM-14).
92   Chandra Prakash et al. /  Procedia - Social and Behavioral Sciences  189 ( 2015 )  91 – 102 
,QWURGXFWLRQ
5HYHUVHORJLVWLFVLVWKHSURFHVVRISODQQLQJLPSOHPHQWLQJDQGFRQWUROOLQJWKHHIILFLHQWFRVWHIIHFWLYHIORZRIUDZ
PDWHULDOVLQSURFHVVLQYHQWRU\ILQLVKHGJRRGVDQGUHODWHGLQIRUPDWLRQIURPWKHSRLQWRIFRQVXPSWLRQWRWKHSRLQW
RI RULJLQ IRU WKH SXUSRVH RI UHFDSWXULQJ YDOXH RU SURSHU GLVSRVDO 5RJHUV DQG 7LEEHQ/HPENH  5HYHUVH
ORJLVWLFVSUDFWLFHVKDYHEHHQJURZLQJDPRQJYDULRXVLQGXVWULHVLQFOXGLQJHOHFWURQLFLQGXVWU\EHFDXVHRIWKHJURZLQJ
JUHHQFRQFHUQLPSRVHUHJXODWLRQLQGXVWULDOHFRORJ\VXVWDLQDELOLW\ LQWHQVHJOREDOFRPSHWLWLRQSURILWDELOLW\LVVXHV
DQGLQFUHDVHGSURGXFWVUHWXUQVGXHWRSURGXFWUHFDOOVZDUUDQW\UHWXUQVVHUYLFHUHWXUQVDQGVRRQ6DVLNXPDUHWDO
 6XVWDLQDELOLW\ LV D FULWLFDO FRQFHSW IRU WZHQW\ ILUVW FHQWXU\ RUJDQL]DWLRQV DQG RQH FDQ PDQDJH WKLV E\
LQWURGXFLQJ UHYHUVH ORJLVWLFV DGRSWLRQ 3UHVOH\ HW DO  )XUWKHUPRUH UHVHDUFKHUV KDYH DOVR VWDWHG VHYHUDO
EHQHILWV WKDW FRXOG EH DWWDLQHG ZLWK 5/ VXFK DV HIILFLHQW UHVRXUFH XWLOL]DWLRQ DQG SUHYHQWLRQ IURP SROOXWLRQ E\
PLQLPL]LQJ WKH HQYLURQPHQWDO EXUGHQ RI HQGRIOLIH DW LWV VRXUFH )HUQDQGH] HW DO  *XQDVHNDUDQ DQG
6SDODQ]DQL  7VDL HW DO  7RIIHO  (XURSHDQ &RXQWULHV KDYH VWULQJHQW ODZ DQG UHJXODWLRQ VR
HOHFWURQLFVSURGXFHUVZRUNSURILFLHQWO\IRUSURSHUFROOHFWLRQUHFRYHU\DQGUHPRYDOGLVSRVDORISURGXFWVDIWHUWKHLU
HQGRIOLIH/DPEHUWHWDO&XVWRPHUVDWLVIDFWLRQDQGOR\DOW\FDQEHLPSURYHGE\LPSOHPHQWLQJ5/SUDFWLFHV
QRPDWWHUZKDWDUHWKHIDFWRUVZKLFKDIIHFWIRUVXFFHVVIXOLPSOHPHQWDWLRQRI5/
3ULRUUHVHDUFKHVKDYHVKRZQWKDWOHVVIRFXVZHUHJLYHQRQWKHEDUULHUVRI5/LPSOHPHQWDWLRQLQWKHFRQWH[WRI
GHYHORSLQJQDWLRQV0LDRHWDO/DXDQG:DQJ5RJHUVDQG7LEEHQ/HPENH)HUJXVRQDQG
%URZQH -LQGDODQG6DQJZDQ=KXDQG*HQJ5HFHQW VWXG\SUHVHQWHGE\-LQGDODQG6DQJZDQ
LGHQWLILHG5/LPSOHPHQWDWLRQEDUULHUVZHUHEDVHGRQPDUNHWUHODWHGRUJDQL]DWLRQDODQGJRYHUQPHQWEDUULHUV
WKRVHZHUHDOOLHGWRPDQXIDFWXULQJLQGXVWULHVLQ,QGLD7KHUHLVOHVVUHVHDUFKDYDLODEOHRQWKHEDUULHUVRI5/DGRSWLRQ
IRU ,QGLDQ HOHFWURQLFV LQGXVWU\ ,QGLDQ HFRQRP\ KDV H[SHULHQFHG H[SRQHQWLDO JURZWK GXH WR GHYHORSPHQW
WUDQVIRUPDWLRQSULYDWL]DWLRQDQGSUHVHQFHRI$SSUR[RIWKHZRUOGSRSXODWLRQKDVOHGWRKXJHFRQVXPSWLRQDQG
SURGXFWLRQ RI WKH UHVRXUFHV 7KDW FUHDWHV KLJK HQYLURQPHQWDO SROOXWLRQ DQG ZDVWH $SDUW IURP RWKHU LQGXVWULHV
HOHFWURQLFV LQGXVWU\RI ,QGLD LV DOVRYHU\ELJ LQGXVWU\ LQ WHUPVRI LQWHUQDO FRQVXPSWLRQSURGXFWLRQDQGH[SRUWRI
FRPSRQHQWVDQGILQDOSURGXFWV
7KLV LQVSLUHGXV WRGHDOZLWK WKH LVVXHV UHODWHG WR5/DGRSWLRQSUHFLVHO\ WR HYDOXDWH WKHEDUULHUVRI HOHFWURQLFV
LQGXVWU\ RI ,QGLD 7KH JRDO RI WKLV VWXG\ LV WR LGHQWLI\ WKH EDUULHUV RI5/ SUDFWLFHV LPSOHPHQWDWLRQ LQ HOHFWURQLF
LQGXVWU\ DQG UDQN WKHVH EDUULHUV 7R UDQN WKH EDUULHUV RI5/ DGRSWLRQ LV D K\EULG GHFLVLRQPDNLQJ DSSURDFK DQG
LQYROYHPHQW RI KXPDQ RSLQLRQV WKURXJK OLQJXLVWLF YDULDEOHV PDNHV GLIILFXOW WR HYDOXDWH LW E\ SUHFLVHFHUWDLQ
QXPHULFDO YDOXHV +HQFH IX]]\ DSSURDFK =DGHK  LV UHTXLUHG WR GHDO VXFK SUREOHPV FKDUDFWHUL]HG E\
YDJXHQHVVDQGXQFHUWDLQW\7KLVVWXG\SUHVHQWVK\EULGIX]]\DQDO\WLFDOKLHUDUFK\SURFHVV$+3PHWKRGWRUDQNWKH
EDUULHUV RI 5/ DGRSWLRQ /DVWO\ DQ HPSLULFDO DQDO\VLV RI ,QGLDQ HOHFWURQLF LQGXVWU\ LV LOOXVWUDWHG WR H[KLELW WKH
DSSOLFDWLRQRISURSRVHGDSSURDFK7KHUHPDLQGHURIWKLVSDSHULVDVIROORZV3DUWFRQFLVHO\UHYLHZVWKHOLWHUDWXUH
RQEDUULHUVRI5/DGRSWLRQ3UREOHPGHILQLWLRQLVJLYHQLQSDUW7KH)X]]\$+3DSSURDFKLVGLVFXVVHGLQ3DUW
7KHVXJJHVWHGPHWKRGIRUUDQNLQJWKHEDUULHUVRI5/LPSOHPHQWDWLRQLVSUHVHQWHGQXPHULFDOO\DORQJZLWKVHQVLWLYLW\
DQDO\VLVLQ3DUW)LQDOO\SDUWSUHVHQWVWKHFRQFOXVLRQ
/LWHUDWXUH5HYLHZ
RL Adoption Barriers

5/LPSOHPHQWDWLRQLQGHYHORSHGQDWLRQVKDGVHHQGXHWRHQIRUFHGODZDQGUHJXODWLRQRQSURGXFHUVWRWDNHEDFN
SURGXFWVWRUHFRYHUYDOXHRUGLVSRVHWKHPDIWHUHQGRIOLIH+RZHYHULWLVLQLQLWLDOVWDJHLQGHYHORSLQJFRXQWULHVOLNH
,QGLD6ULYDVWDYDHWDO7KH5/DGRSWLRQLVFKDOOHQJLQJLQ,QGLDEHFDXVHRIWKHODFNRIFRPPXQDOSUHVVXUH
OHVV IRFXV RQ HQYLURQPHQWDO LVVXHV DQG SULFH VHQVLWLYHPDUNHW ,Q ,QGLD UHYHUVHPDQDJHPHQW SUDFWLFHV DUH RIWHQ
FRQVLGHUHGDVDFRVWFHQWUHVDQGDUHPRVWO\SHUIRUPHGE\WKHXQRUJDQL]HGVHJPHQW-LQGDO	6DQJZDQ7KH
HIIHFWLYH5/DGRSWLRQFRXOGEHGRQHLIWKHVHSUDFWLFHVKDYHHFRQRPLFDQGILQDQFLDOYLDELOLW\DQGVXSSRUWDORQJZLWK
FRRUGLQDWLRQ	FRRSHUDWLRQIURPVXSSO\FKDLQSDUWQHUVDQG*RYW,WZDVIRXQGWKDWWRSPDQDJHPHQWZDVXQZLOOLQJ
DQG OHVV LQWHUHVWHG DERXW5/'XH WR FKDQJH LQ FXUUHQW EXVLQHVV VFHQDULR FRPSHWLWLYH SULRULW\ WHFKQRORJLFDO XS
JUDGDWLRQEHKDYLRXUVRIFXVWRPHUVDQGVXSSOLHUVPDQDJHPHQWKDVWRPDGHSROLFLHVDQGVWUDWHJLFSODQQLQJDERXW5/
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/XWKUD HW DO  =KRX HW DO  5RJHUV DQG 7LEEHQ/HPENH  'XH WR FKDQJH LQ FXUUHQW EXVLQHVV
VFHQDULRFRPSHWLWLYHSULRULW\ WHFKQRORJLFDOXSJUDGDWLRQEHKDYLRXUVRIFXVWRPHUVDQGVXSSOLHUVPDQDJHPHQWKDV
WRPDGHSROLFLHVDQGVWUDWHJLFSODQQLQJDERXW5/5RJHUVDQG7LEEHQ/HPENH5DYLDQG6KDQNDU3:&
UHSRUW7KLHUU\HWDO&RPSDQLHVUHVWULFWLYHSROLFLHVDQGGLGQRWZDQWWRFRPSURPLVHTXDOLW\RISURGXFW
E\XVLQJUHWXUQHGSURGXFWVKLQGHUFRPSDQLHVWREHFRPHLQDFWLYHLQ5/SUDFWLFHV;LDRPLQJDQG2ORUXQQLZR
6XEUDPDQLDQ HW DO  -LQGDO 	 6DQJZDQ  3DWLO 	 5DYLNDQW  /HJDO UXOHV DUH RQH RI WKH PRVW
HIIHFWLYHIRULPSOHPHQWDWLRQRI5/EXWZHUHQRWJUHHWHGE\FRPSDQLHV.DGHUHWDO7KHFXUUHQW,QGLDQODZ
RQPHQWLRQLQJ	KDQGOLQJRI HZDVWH LV DPELJXRXV 'XWWD HW DO 'DQLHO HW DO 'XH WR WKH ODFNRI
SURSHUOHJLVODWLRQHZDVWHLOOHJDOO\LPSRUWHGIURPGHYHORSHGQDWLRQV'ZLYHG\HWDO/DXDQG:DQJ
5RJHUVHWDO7KHUHIRUHLWLVPXFKQHHGHGWKDWDOOWKH5/SDUWQHUVWRGHYHORSDORQJWHUPHIIHFWLYHSODQIRU
GLVSRVLWLRQRIWKHHZDVWHDQGFRQWUROLQIRUPDOUHF\FOLQJVHFWRU6ULYDVWDYDHWDOVLQFHTXDQWLW\TXDOLW\DQG
WLPLQJ RI UHWXUQHG SURGXFWV ZHUH XQFHUWDLQ DQG GLIILFXOW WR SUHGLFW 0DUNHWLQJ RI UHWXUQHG SURGXFWV ZHUH DOVR
FKDOOHQJLQJ WDVN /DFN RI VXSSRUW RI 6& SDUWQHUV DQG FXVWRPHU SHUFHSWLRQ DERXW 5/ *H\HU DQG -DFNVRQ 
6WRFN  6ULYDVWDYD  5DYL DQG 6KDQNDU  7KLHUU\ HW DO ;LDRPLQJ DQG2ORUXQQLZR 
-LQGDO	6DQJZDQ'XHWRXQFHUWDLQW\LQTXDQWLW\DQGTXDOLW\RIUHWXUQVSURGXFWUHPDQXIDFWXULQJSODQQLQJ
FRXOGQRWEHGRQHWKDWLQFUHDVHDPRXQWRILQYHQWRU\DQGDIIHFWSURGXFWLRQSODQQLQJ)OHLVKPDQQ,QGHUIXUWK
 ,W ZRXOG KDUG WR PDUNHW UHPDQXIDFWXUHG SURGXFWV GXH WR FRPSHWLWLRQ IURP QHZ SURGXFWV $SDUW IURP
PDUNHWLQJ SULFLQJ RI WKRVH SURGXFWV LV YHU\ FKDOOHQJLQJ DQG LW LV D VHQVLWLYH LVVXH LQ ,QGLD $OVR YHQGHU RI
UHPDQXIDFWXUHGSURGXFWJHWVORZHUFRPPLVVLRQDVFRPSDUHGWRDQHZSURGXFW-LQGDO	6DQJZDQ3RNKDUHO
DQG0XWKD'DQLHOHWDO2QHRIWKHPDMRUSUREOHPVWRSUDFWLFH5/LVOHVVVXSSRUWLYHSDUWQHUVLQ6&
6RWKHUHZRXOGEHQHHGWRUHGHVLJQIRUZDUG6&LQWRFORVHGORRSVXSSO\FKDLQRUHLWKHUVHSDUDWHUHYHUVHVXSSO\FKDLQ
/DX DQG:DQJ  3UHVOH\ HW DO  VXJJHVWHG WKDW KXJH DPRXQW RI FDSLWDO DQG ILQDQFH ZRXOG UHTXLUH
LPSOHPHQWLQJ5/ SUDFWLFHV /DX DQG:DQJ  DQDO\VHG GHYHORSLQJ QDWLRQVZHUH QRW DEOH WR DFKLHYH DPSOH
DPRXQW RI DVVHW UHFRYHU\ UDWH GXH WR OHVV UHWXUQ YROXPH  -DFN HW DO  VXJJHVWHG WKDW WKH DEVHQFH RI
LQIUDVWUXFWXUHIDFLOLW\DQGVXSSRUWPDGHFXPEHUVRPHWRDFKLHYHHIILFLHQF\DQGHIIHFWLYHQHVVLQUHWXUQPDQDJHPHQW
DQGOHDGWRLQFUHDVHILQDQFLDOEXUGHQRIWKHFRPSDQLHV5DYLDQG6KDQNDUREVHUYHGWKDWOHVVXVHGWHFKQRORJ\
WRPRQLWRUUHWXUQDQGFRRUGLQDWLRQDQGFROODERUDWLRQZLWK3/SURYLGHUVZHUHEDUULHUVWRDGRSW5/SUDFWLFHV,QWKLV
SDSHUZHFDWHJRUL]HWKHVHEDUULHUVIURPWKH,QGLDQSURGXFHUV¶SRLQWRIYLHZLQWRILYHFULWHULDDORQJZLWKWKHLUVXE
FULWHULD6WXGLHVLGHQWLILHGEDUULHUVDUHJLYHQLQWDEOH

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+LFNVHWDO5DYLDQG6KDQNDU
5RJHUV DQG 7LEEHQ/HPENH  'DQLHO HW DO
7KLHUU\HWDO
(% +LJKLQLWLDO	RSHUDWLQJFRVW
(% /DFNRILQYHVWPHQWLQ5/SURGXFWVVWRUDJH
(% /DFNRILQYHVWPHQWLQ5/LQIRUPDWLRQV\VWHP
(% /DFNRI(FRQRP\RIVFDOH
3ROLF\EDUULHUV 3% /DFNRIODZDQGGLUHFWLYHVIRUHQGRI(R/SURGXFWV 6XEUDPDQLDQ HW DO  &KDDEDQH HW DO 
.RKHWDO 5DKPDQDQG6XEUDPDQLDQ 
&KXQJDQG=KDQJ0LDRHWDO-LQGDO	
6DQJZDQ  :DWK HW DO  'DQLHO HW DO
 /DX DQG :DQJ  6ULYDVWDYD 
=KRX HW DO  +LFNV HW DO  5DYL DQG
6KDQNDU  5RJHUV HW DO  5RJHUV DQG
7LEEHQ/HPENH
3% /DFNRI*RYWVXSSRUWLYHSROLFLHVRQ5/
3% &XVWRPHUVDUHQRWLQIRUPHGWRWDNHEDFN
3% /DFNRISXEOLFIRFXVRQHQYLURQPHQWDOLVVXHV
3% :LGHLQIRUPDOZDVWHPDQDJHPHQWSUDFWLFHV
3% /DFNRI6WDQGDUG*UHHQ3UDFWLFHVIRUUHF\FOLQJ
3% /RRSKROHVLQ,QGLDQ5HJXODWLRQRQZDVWHKDQGOLQJ
,QIUDVWUXFWXUDO ,% /DFN RI LQIUDVWUXFWXUH IDFLOLW\ VWRUDJH 6XEUDPDQLDQHWDO5DKPDQDQG6XEUDPDQLDQ
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EDUULHUV WUDQVSRUWDWLRQ &KXQJDQG=KDQJ -LQGDO	6DQJZDQ
 /DX DQG:DQJ  3:& UHSRUW 
=KRXHWDO5DYLDQG6KDQNDU5RJHUV
DQG7LEEHQ/HPENH
,% /DFN RI FRRUGLQDWLRQFROODERUDWLRQ ZLWK 3/
SURYLGHUV
,% /DFNRIV\VWHPWRPRQLWRUUHWXUQV
,% /LPLWHGIRUHFDVWLQJ	SODQQLQJ
0DUNHW 5HODWHG
EDUULHUV
05% 8QFHUWDLQUHWXUQ	GHPDQG -LQGDO 	 6DQJZDQ  'DQLHO HW DO 
3RNKDUHO DQG0XWKD  /DX DQG:DQJ 
6ULYDVWDYD;LDRPLQJDQG2ORUXQQLZR
,QGHUIXUWK .  5DYL DQG 6KDQNDU 
*H\HUDQG-DFNVRQ)OHLVKPDQQ6WRFN
7KLHUU\HWDO
05% 0DUNHWLQJRIUHPDQXIDFWXUHGSURGXFW
05% /DFNRIVXSSRUWRI6&SDUWQHUV
05% 8QFHUWDLQTXDOLW\	TXDQWLW\RIUHWXUQ
05% &XVWRPHUSHUFHSWLRQDERXW5/
3UREOHP'HILQLWLRQ
5/ SUDFWLFHV DUH YHU\ LPSRUWDQW WR SURPRWH HQYLURQPHQWDO LQLWLDWLYHV LPSURYH FXVWRPHU VHUYLFH	 FRUSRUDWH
LPDJHDQGUHGXFWLRQLQSROOXWLRQ7KHUHLVDQHHGRIUHVHDUFKRQWKHLGHQWLILFDWLRQRIFULWLFDOEDUULHUVIRU5/DGRSWLRQ
LQ,QGLDQFRQWH[WKRZHYHUYHU\IHZVWXGLHVKDYHEHHQGRQHRQWKHEDUULHUVIRU5/LPSOHPHQWDWLRQIRU WKH,QGLDQ
LQGXVWULHV -LQGDO DQG 6DQJZDQ 0LDR HW DO 5DYL DQG 6KDQNDU  DQG WKH\ VWUXJJOH WR LGHQWLI\
HVVHQWLDOEDUULHUVUHODWHGWR,QGLDQHOHFWURQLFVLQGXVWU\,GHQWLILFDWLRQRIEDUULHUVLVGRQHE\GHFLVLRQJURXSWKURXJK
OLWHUDWXUHUHYLHZDQGH[SHUWVZKRKDYHSURILFLHQF\LQWKLVDUHD7KLVWHDPKDVPHPEHUVIURPDFDGHPLDDQG
IURP ,QGXVWU\ DQG HDFKPHPEHU KDVPRUH WKDQ  \HDUV RI H[SHULHQFH LQ WKH UHOHYDQW ILHOG )RU DFKLHYLQJ KLJK
FXVWRPHU VDWLVIDFWLRQ JUHHQ FRQFHUQ RSHUDWLRQDO HIILFLHQF\ FRPSHWLYHQHVV DQG HIIHFWLYHQHVV FRPSDQLHV VKRXOG
FRQFHQWUDWH RQ5/ DGRSWLRQ EDUULHUV RQ SULRULW\ EDVLV 7KLV SDSHU SURSRVHG DPRGHO RQ SULRULWL]LQJ5/ DGRSWLRQ
EDUULHUVZKLFKLVVXSSRVHGWREHPXOWLFULWHULDGHFLVLRQPDNLQJSUREOHP'XHWRWKHG\QDPLFQDWXUHRIWKHHOHFWURQLF
LQGXVWU\ZLWKLQWKH,QGLDWRGD\5/DGRSWLRQEDUULHUVHYDOXDWLRQFULWHULDDORQJZLWKWKHLUVXEFULWHULDDUHLGHQWLILHG
)RUH[DPSOHVHH7DEOH
5HVHDUFK0HWKRGRORJ\
,Q WKLV SDSHU JLYHQ PHWKRGRORJ\ KDV EHHQ DSSOLHG IRU HYDOXDWLRQ DQG UDQNLQJ WKH 5/ DGRSWLRQ EDUULHUV 7KH
GHFLVLRQ PDNHUV LQFOXGH H[SHUWV VHQLRU ,7 DQG VXSSO\ FKDLQ PDQDJHUV VHQLRU H[HFXWLYH ,Q WKLV UHVHDUFK 
EDUULHUV VXEFULWHULD FRPSULVLQJ TXDOLWDWLYH DQG TXDQWLWDWLYH UHFRJQL]HG WKURXJK OLWHUDWXUH DQG GLVFXVVLRQ 6HH
7DEOH7KLVSDSHUXVHG)X]]\$QDO\WLFDO+LHUDUFKLFDO3URFHVVWRJHWFULWHULD¶VZHLJKWDQGILQDOUDQN)$+3LVD
PXOWLFULWHULDGHFLVLRQPDNLQJWRRO7KLVVWXG\XVHGIX]]\DSSURDFKWRWDNHFDUHRIYDJXHQHVVDQGXQFHUWDLQW\7R
KDQGOHFRPSOH[LW\DUULYHGLQ0&'0SUREOHPZHXVHGWKLVPHWKRG)LJGHQRWHVDUHSUHVHQWDWLRQRIWKHUHVHDUFK
PHWKRGRORJ\









,GHQWLI\LQJ5/DGRSWLRQEDUULHUVWKURXJKOLWHUDWXUHUHYLHZIROORZHG
E\H[SHUW¶VRSLQLRQVSHFLILFWR,QGLDQHOHFWURQLFVLQGXVWU\
)LQDOL]LQJWKHEDUULHUVFULWHULDDORQJZLWKVXEFULWHULDWKURXJK
OLWHUDWXUHUHYLHZIROORZHGE\H[SHUW¶VRSLQLRQ
4XHVWLRQQDLUHGHVLJQDQGGDWDFROOHFWLRQIURP'HFLVLRQ*URXS
&DOFXODWHZHLJKWVXVLQJ)$+3
5DQNWKHEDUULHUVRI5/DGRSWLRQ
1
<
$SSURYH
:HLJKWV
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)LJ3URSRVHG)$+3PHWKRGRORJ\IRU5/$GRSWLRQEDUULHUV
Fuzzy AHP 
   $+3 DSSURDFK LQWURGXFHG E\ 6DWW\  LWZDV D QXPHULFDO DSSURDFK RI0&'07KH XVH RI WKLV KDV VRPH
UHVWULFWLRQGXH WR DSSOLFDELOLW\RI$+3 LQ FHUWDLQ HQYLURQPHQW -XGJPHQWDO VFDOH LVXQVWDEOH DQGQRQH[LVWHQFHRI
LPSUHFLVHQHVVVXEMHFWLYHQDWXUH6RWKDWFUHDWHQHHGWRKDYH)X]]\PHWKRGRORJ\WRDQVZHUVXFKSUREOHP7KHIX]]\
$+3 DSSURDFK LQFOXGHV XQFHUWDLQW\ DQG YDJXHQHVV RI H[SHUW¶V MXGJPHQWV LQ OLQJXLVWLF YDULDEOHV 5HFHQWO\ WKLV
DSSURDFKLVXVHGE\3UDNDVKHWDO
7DEOH7)1RIOLQJXLVWLFFRPSDULVRQPDWUL[
/LQJXLVWLFYDULDEOHV $VVLJQHG7)1
(TXDO 
9HU\/RZ 
/RZ 
0HGLXP 
+LJK 
9HU\+LJK 
([FHOOHQW 

&KDQJ¶VH[WHQWDQDO\VLV  LV WKH)$+3SURFHVVDFFRUGLQJ WR WKLVDSSURDFKHDFKFULWHULRQ LVFRQVLGHUHGDQG
H[WHQWDQDO\VLV IRUHDFKFULWHULRQJLLVGRQH7KHYDOXHVRIH[WHQWPHWKRGIRUHDFKFULWHULRQDUHREWDLQHGE\XVLQJ
IROORZLQJQRWDWLRQ
:KHUHOLVWKHORZHUOLPLWYDOXHPLVWKHPRVWSURPLVLQJYDOXHDQGXLVWKHXSSHUOLPLWYDOXH
6WHS7KHGHJUHHRISRVVLELOLW\RI
6 OPX6 OPXLVGHILQHGDVEHORZ
V(S2  S1) =  
DQG[DQG\DUHWKHYDOXHVRQWKHD[LVRIPHPEHUVKLSIXQFWLRQRIHDFKFULWHULRQ7KLVH[SUHVVLRQFDQEHHTXLYDOHQWO\
ZULWWHQDVJLYHQLQHTXDWLRQEHORZ

        LIP m
 V(S2  S1) =       LIOX
    =μG            RWKHUZLVH«««
:KHUHGLVWKHKLJKHVWLQWHUVHFWLRQSRLQW DQG VHHILJXUH

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








)LJXUH7KHLQWHUVHFWLRQRIIX]]\QXPEHUV
7RFRPSDUH6DQG6ZHQHHGERWK966DQG966
6WHS 7KHGHJUHHRISRVVLELOLW\ IRUDFRQYH[ IX]]\QXPEHU6 WREHJUHDWHU WKDQkFRQYH[ IX]]\QXPEHUVSi i 
kFDQEHGHILQHGE\
9SS1,S2,.......,Sk
 9>SS1DQGSS2DQGDQGSSk@
 PLQV SSi i k
$VVXPHWKDWdƍ(Ai) PLQVSi Sk     «««««««
)RUk  «nk  i7KDQWKHZHLJKWYHFWRUVDUHJLYHQLQHTXDWLRQDV
W'= d'A1, d'A2,.......,d’AmT     …………….…….….
6WHS9LDQRUPDOL]DWLRQWKHQRUPDOL]HGZHLJKWYHFWRUVDUHJLYHQLQHTXDWLRQDV
W=  d (A1, d A2,.......,d AmT     ««««««««

4.2 Calculation of the Value of Fuzzy Synthetic Extent 

'HFLVLRQJURXSKDV WRPDNHSDLUZLVHFRPSDULVRQRIFULWHULD DQG VXEFULWHULDGHILQHGE\7)1DVJLYHQ LQ
WDEOH  7KH IX]]\ FRPSDULVRQ PDWULFHV E\ FRPSXWLQJ DULWKPHWLF PHDQ RI WKHVH YDOXHV RI FULWHULD DORQJ ZLWK
FDOFXODWHGZHLJKWV DUH VKRZQ LQ WDEOH DQG WKHLU VXEFULWHULD DORQJZLWK FDOFXODWHGZHLJKWV DUHJLYHQ LQ WDEOH
:HLJKWVFDOFXODWLRQE\XVLQJFKDQJ¶VH[WHQWDQDO\VLV IRU WDEOH LVJLYHQEHORZ7KHVHFDOFXODWLRQVKDYHGRQHE\
XVLQJ06([FHO
&DOFXODWLRQ RI WKH IX]]\ V\QWKHWLF H[WHQW RI  FULWHULD LV JLYHQ EHORZ E\ XVLQJ HT 

9YDOXHVDUHGHWHUPLQHGE\XVLQJWKHHTXDWLRQLVSUHVHQWHGLQ7DEOH$QGPLQLPXPGHJUHHRISRVVLELOLW\E\
XVLQJHTDV
P6% PLQ966N PLQ 
DQGRWKHUYDOXHVDUHP(% P3% P,% P05% 
:HLJKWYHFWRULVJLYHQE\
G
6 6
G

)X]]\YDOXH
0HPEHUVKLS
IXQFWLRQ
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:9 7
)LQDOZHLJKWVGHWHUPLQHGDIWHUQRUPDOL]DWLRQSURFHVV
: 
:HDSSOLHG VDPHSURFHVV WRGHWHUPLQHRWKHUZHLJKWVRI WKH FULWHULD7KH ILQDO UHVXOWVRI SDLUZLVH FRPSDULVRQRI
FULWHULDDQGVXEFULWHULDDUHSUHVHQWHGLQWDEOH

7DEOH7KHIX]]\PDWUL[RIWKHFULWHULD

6% (% 3% ,% 05% :HLJKW
6%      
(%      
3%      
,%      
05%      
 
7DEOH9YDOXHVIRUFULWHULD

 6% (% 3% ,% 05%
6%     
(%     
3%     
,%     
05%     
 
7DEOH5/DGRSWLRQEDUULHUVILQDOUDQNLQJ

&ULWHULRQ :HLJKW 6XE&ULWHULRQ :HLJKW )LQDOL]HG
ZHLJKW
*OREDO
5DQN
6WUDWHJLF%DUULHUV  6%   
  6%   
  6%   
  6%   
  6%   
  6%   
  6%   
(FRQRPLF%DUULHUV  (%   
  (%   
  (%   
  (%   
  (%   
3ROLF\%DUULHUV  3%   
  3%   
  3%   
  3%   
  3%   
  3%   
  3%   
,QIUDVWUXFWXUDO%DUULHUV  ,%   
  ,%   
  ,%   
  ,%   
0DUNHW5HODWHG%DUULHUV  05%   
  05%   
  05%   
  05%   
  05%   
5HVXOWVDQG6HQVLWLYLW\$QDO\VLV
,WLVYHU\KDUGWRVD\ZKLFKEDUULHUVRI5/DGRSWLRQDUHPRUHLPSRUWDQWWKDQRWKHUVEXWSULRULWL]LQJWKHPE\XVLQJ
WKLV DSSURDFKPDGH LWPRUH ORJLFDO DQGKHOSIXO IRUGHFLVLRQPDNHUV7KHSULRULWL]DWLRQRI WKH5/ LPSOHPHQWDWLRQ
EDUULHUVKDYHEHHQGRQHE\VHHLQJWKHKLJKHVWZHLJKWDJHYDOXHZKLFKVKRZVWKDW/DFNRIFRRUGLQDWLRQFROODERUDWLRQ
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ZLWK 3/ SURYLGHUV &XVWRPHU SHUFHSWLRQ DERXW 5/ DQG /DFN RI V\VWHP WR PRQLWRU UHWXUQV DUH WKH WKUHH PRVW
LPSRUWDQWEDUULHUVRI5/DGRSWLRQ+RZHYHURWKHUEDUULHUV UDQNLQJDUHDUUDQJHG LQGHVFHQGLQJRUGHU05%(%
05%(%6%(%,%3%05%6%(%(%3%6%3%,%3%3%3%6%3%6%6%
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